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CARDIAC MANAGEMENT DEVICE WITH 
CAPABILITY OF NOSE DETECTION IN 
AUTOMATIC CAPTURE VERIFICATION 

I. FIELD OF THE INVENTION 

This invention relates generally to an implantable cardiac 
rhythm management device that may operate in an auto 
threshold or autocapture verification mode, wherein the 
rhythm management device is capable of detecting noise 
that affects signal characteristics of a Sensed electrocardio 
gram Signal. The presence of noise in an electrocardiogram 
Signal occurring in, for example, a capture detection window 
may adversely affect the ability of the device to respond to 
patient needs. 

II. BACKGROUND OF THE INVENTION 

Regardless of the type of cardiac rhythm management 
device that is employed, all operate to Stimulate excitable 
heart tissue cells adjacent to the electrode of the lead coupled 
to the rhythm management device. Response to myocardial 
Stimulation or “capture' is a function of the positive and 
negative charges found in each myocardial cell within the 
heart. More specifically, the Selective permeability of each 
myocardial cell works to retain potassium and exclude 
Sodium Such that, when the cell is at rest, the concentration 
of Sodium ions outside of the cell membrane is approxi 
mately equal to the concentration of potassium ions inside 
the cell membrane. However, the selective permeability also 
retains other negative particles within the cell membrane 
Such that the inside of the cell membrane is negatively 
charged with respect to the outside when the cell is at rest. 
When a Stimulus is applied to the cell membrane, the 

selective permeability of the cell membrane is disturbed and 
it can no longer block the inflow of Sodium ions from outside 
the cell membrane. The inflow of Sodium ions at the 
Stimulation site causes the adjacent portions of the cell 
membrane to lose its Selective permeability, thereby causing 
a chain reaction across the cell membrane until the cell 
interior is flooded with sodium ions. This process, referred 
to as depolarization, causes the myocardial cell to have a net 
positive charge due to the inflow of Sodium ions. The 
electrical depolarization of the cell interior causes a 
mechanical contraction or shortening of the myofibrils of the 
cell membrane. The Syncytial Structure of the myocardium 
will cause the depolarization originating in any one cell to 
radiate through the entire mass of the heart muscle So that all 
cells are Stimulated for effective pumping. Following heart 
contraction or Systole, the Selective permeability of the cell 
membrane returns and Sodium is pumped out until the cell 
is re-polarized with a negative charge within the cell mem 
brane. This causes the cell membrane to relax and return to 
the fully extended State, referred to as diastole. 

In a normal heart, the Sino-atrial (SA) node initiates the 
myocardial stimulation described above. The SA node com 
prises a bundle of unique cells disposed within the roof of 
the right atrium. Each cell membrane of the SA node has a 
characteristic tendency to leak Sodium ions gradually over 
time Such that the cell membrane periodically breaks down 
and allows an inflow of Sodium ions, thereby causing the SA 
node cells to depolarize. The SA node cells are in commu 
nication with the Surrounding a trial muscle cells Such that 
the depolarization of the SA node cells causes the adjacent 
a trial muscle cells to depolarize. This results in a trial 
Systole wherein the atria contract to empty and fill blood into 
the ventricles. The a trial depolarization from the SA node is 
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2 
detected by the atrioventricular (AV) node which, in turn, 
communicates the depolarization impulse into the Ventricles 
via the Bundle of His and Purkinje fibers following a brief 
conduction delay. 

In this fashion, Ventricular Systole lags behind atrial 
systole such that the blood from the ventricles is pumped 
through the body and lungs after being filled by the atria. 
Atrial and ventricular diastole follow wherein the myocar 
dium is repolarized and the heart muscle relaxes in prepa 
ration for the next cardiac cycle. It is when this System fails 
or functions abnormally that a cardiac rhythm management 
device may be needed to deliver an electronic pacing 
Stimulus to the heart So as to maintain proper heart rate and 
Synchronization of the filling and contraction of the a trial 
and ventricular chambers of the heart. 

The Success of a cardiac rhythm management device in 
causing a depolarization or evoking a response hinges on 
whether the energy of the pacing Stimulus as delivered to the 
myocardium exceeds a threshold value. This threshold 
value, referred to as the capture threshold, represents the 
amount of electrical energy required to alter the permeability 
of the myocardial cells to thereby initiate cell depolarization. 
If the energy of the pacing Stimulus does not exceed the 
capture threshold, then the permeability of the myocardial 
cells will not be altered and thus no depolarization will 
result. If, on the other hand, the energy of the pacing 
Stimulus exceeds the capture threshold, then the permeabil 
ity of the myocardial cells will be altered such that depo 
larization will result. 

Changes in the capture threshold may be detected by 
monitoring the efficacy of Stimulating pulses at a given 
energy level. If capture does not occur at a particular 
Stimulation energy level which previously was adequate to 
effect capture, then it can be Surmised that the capture 
threshold has increased and that the Stimulation energy 
should be increased. On the other hand, if capture occurs 
consistently at a particular Stimulation energy level over a 
relatively large number of Successive Stimulation cycles, 
then it is possible that the capture threshold has decreased 
Such that the Stimulation energy is being delivered at a level 
higher than necessary to effect capture. This can be verified 
by lowering the Stimulation energy level and monitoring for 
loSS of capture at the new energy level. 
The ability to detect capture in a cardiac rhythm manage 

ment device is extremely desirable in that delivering Stimu 
lation pulses having energy far in excess of the patient's 
capture threshold is wasteful of the cardiac rhythm manage 
ment device's limited power Supply. In order to minimize 
current drain on the power Supply, it is desirable to auto 
matically adjust the cardiac rhythm management device 
Such that the amount of Stimulation energy delivered to the 
myocardium is maintained at the lowest level that will 
reliably capture the heart. To accoimplish this, a processes 
known as “capture verification” and “autothreshold” may be 
performed wherein; the cardiac rhythm management device 
monitors to determine whether an evoked response or depo 
larization occurs in the heart following the delivery of each 
pacing Stimulus pulse. The occurrence of noise during the 
autothreshold or autocapture mode may lead to an improper 
conclusion related to capture or non-capture. 

Obel et al. in U.S. Pat. No. 5,861,008 apparently describes 
a heart-Simulating device that measures the amplitude of 
noise and if a predetermined number of noise detections 
exceeding a predetermined amplitudes (detected at a prede 
termined frequency) then the device assumes that the noise 
is significant and adjusts accordingly. In Some instances the 
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amplitude of noise may not be Sufficient or the frequency 
may not be enough such that the device described by Obel 
et al. adjusts accordingly, while in actuality the noise may 
have significant impact on the accuracy of evoked response 
determination. Hence, there is a need for a cardiac rhythm 
management device capable of detecting noise independent 
of the amplitude of noise or the frequency of occurrence of 
noise. These and numerous other disadvantages of the prior 
art necessitates the need for the method and apparatus 
provided by the present invention. 

SUMMARY OF THE INVENTION 

The present invention provides for a cardiac rhythm 
management device and method capable of detecting noise, 
wherein the device is operable in either a unipolar or bipolar 
Sensing mode. In the past, during unipolar Sensing, the 
presence of noise has adversely affected the ability of 
conventional rhythm management devices to accurately 
identify an evoked response to a Stimulation pulse. The 
device of the present invention provides for unipolar Sensing 
during either an autothreshold or capture verification mode, 
wherein the presence of noise affecting the Signal charac 
teristics of an electrocardiogram Signal is identified during 
either mode. The cardiac rhythm management device may 
be electrically coupled to one or more known Suitable leads 
having pacing/sensing electrodes coupled thereto. 

Without limitation, the cardiac rhythm management 
device of the present invention includes a power Supply, 
pulse generator that generates Stimulation pulses, and con 
troller coupled to pacing/sensing leads to receive Sensed 
electrocardiogram Signals (IEGM signals). The controller is 
electrically coupled to the pulse generator and controls 
delivery of the stimulation pulses to the heart. The controller 
also controls detection of intrinsic and evoked responses and 
may operate in an autocapture or autothreshold mode. A 
noise detection circuit of the controller allows for detection 
of noise affecting the signal characteristics of the IEGM 
Signal. 

The controller may be in any of Several forms including 
a dedicated State device or a microprocessor with code, and 
may include ROM memory for Storing programs to be 
executed by the controller and RAM memory for storing 
operands used in carrying out the computations by the 
controller. Those skilled in the art will appreciate that 
Stimulation circuitry, Sensing circuitry, timing circuitry, and 
wave detection circuitry among others may all be included 
within the controller. The controller and components con 
tained therein or coupled thereto detect and distinguish 
cardiac depolarization deflections and noise deflections from 
the electrocardiogram Signal. A peak detector, for example, 
may be utilized to determine the amplitudes of the cardiac 
depolarization deflections and artifact deflections. 

Following delivery of a Stimulation pulse, noise affecting 
Signal characteristics of the electrocardiogram Signal is 
assumed or determined if a minimum peak timing (Min T or 
tmin) is detected occurring during a predetermined period of 
time following delivery of a Stimulation pulse. The prede 
termined period of time begins after a predetermined refrac 
tory period and more specifically may occur within an 
evoked response detection window controlled by the con 
troller. Without limitation, in the preferred embodiment the 
refractory period ranges between 3–15 mSec. and the pre 
determined noise detection period of time following the pace 
is between 20-55 mSec. in length. 

In use, the controller controls delivery of a Stimulation to 
a patient's heart. An electrocardiogram Signal from the 
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4 
patient's heart is Sensed and the controller determines the 
time at which a minimum peak occurs following delivery of 
the Stimulation pulse. If the time of the minimum peak 
occurs during a predetermined period of time following 
delivery of the Stimulation pulse, then noise affecting the 
electrocardiogram Signal is determined or assumed. During 
autocapture verification or autothreshold, the predetermined 
period of time is Set to begin after expiration of a predeter 
mined refractory period. Further, the predetermined period 
of time may be set to occur within an evoked response 
detection window controlled by the controller. During a 
capture verification mode, a backup Stimulation is delivered 
and the capture verification Stimulation mode is abandoned 
if noise is detected. During the autothreshold Stimulation 
mode, a current Stimulation amplitude of the Stimulation 
pulse is maintained during the autothreshold Stimulation 
mode if noise is detected. The autothreshold stimulation 
mode is terminated if detection of noise persists. 

DESCRIPTION OF THE DRAWINGS 

The accompanying drawings include the following Fig 
ures in which like numerals in the several views refer to 
corresponding parts: 

FIG. 1 is a block diagram depicting a cardiac rhythm 
management device in accordance with the present inven 
tion; 

FIG. 2 is a plot of Signal characteristics of an electrocar 
diogram Signal having associated with a capture and non 
capture event and the corresponding MinT during the 
evoked response interval; 

FIG. 3 is a graph showing the timing/occurrence of MinT 
over Several beats and further shows a shift in MinT when 
noise is present; 

FIG. 4 is a Schematic of an autocapture evoked response 
detection channel of the controller; 

FIG. 5 is flowchart that illustrates generally the method of 
the present invention for detecting noise during an auto 
threshold Stimulation mode; and 

FIG. 6 is a flowchart that illustrates generally the method 
of the present invention for detecting noise during a capture 
Verification mode. 

DESCRIPTION OF THE INVENTION 

The present invention represents broadly applicable 
improvements to detecting noise occurring during an evoked 
response detection Sequence. The embodiments detailed 
herein are intended to be taken as representative or exem 
plary of those in which the improvements of the invention 
may be incorporated and are not intended to be limiting. 

Referring first to FIG. 1, the cardiac rhythm management 
device 10 of the present invention is shown including a 
housing 12 coupled to a trial lead 14, and Ventricular lead 16. 
The distal end of the a trial lead, shown positioned in the 
right atrium, includes electrodes 18 and 20. The distal end of 
the Ventricular lead 16, shown positioned in the right 
ventricle, includes ventricular electrodes 22 and 24. The a 
trial lead 14 and Ventricular lead 16 are engaged to header 
26 and may be electrically coupled to the power supply 28 
and controller 30 contained within the housing 12 in a 
known suitable fashion. Those skilled in the art will appre 
ciate that other lead configurations of known Suitable con 
Struction may be utilized dependent upon the particular 
desired Stimulation and particular placement of the lead. 
Without limitation, the controller 30 includes a pulse gen 
erator 32, Sensing circuit 34, Stimulation circuit 36 and 
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timing circuit 38. The pulse generator 32, Sensing circuit 34, 
stimulation circuits 36, and timing circuit 38 of suitable 
known construction may be modified to include the noise 
detection circuit and protocol of the present invention as 
described below in greater detail. 

FIG. 2 shows an electrocardiogram Signal 40 resulting 
from unipolar Sensing, wherein the Signal 40 is shown in 
relation to various timing intervals of the controller and 
events Sensed by the cardiac rhythm management System of 
the present invention. The baseline amplitude 42 of the 
electrocardiogram Signal is represented by the horizontal 
line portion of the signal. When a stimulation pulse 44 is 
delivered to the patient's heart, if the heart is captured an 
evoked response is detected during detection window 46 (an 
evoked response is shown occurring in the first detection 
window or the detection window in the left portion of the 
figure labeled “a”). When a stimulation pulse 44 is delivered 
to the patient's heart, if non-capture results, Stimulation 
artifact is detected during the detection window (Stimulation 
artifact is shown occurring in the Second detection window 
or the detection window in the right portion of the figure 
labeled “b”), however, the amplitude of the stimulation 
artifact does not exceed the capture threshold. Without 
limitation, the detection window 46 is shown as being the 
detection period between 10 msec-64 msec after the stimu 
lation pulse 44 is delivered. A refractory period of 10 msec 
immediately precedes the evoked response detection win 
dow. During the detection window 46 four parameters may 
be identified: a maximum peak amplitude 48 (ERmax or 
ARTmax), maximum peak time 50 (tmax), minimum peak 
amplitude 52 (ERminor ARTmin), and the minimum peak 
time 54 (tmin). The inventors have found that the occurrence 
or timing of the minimum peak 54 directly correlates with 
the presence or absence of noise that affects the Signal 
characteristics of the electrocardiogram Signal. 

FIG. 3 further illustrates this finding. As seen in FIG. 3, 
the minimum peak timing for either captured or non 
captured events occurs approximately at 10 msec after a 
Stimulation is delivered and again at approximately 64 mSec 
after the stimulation is delivered (the extremes of the detec 
tion window 46). A significant amplitude of noise causes the 
timing of the detection of timin 54 to shift, wherein a timin 54 
is detected Somewhere in between the extremes or bound 
aries of the detection window. Thus, if a timin is detected 
greater than 20 msec but less than 55 mSec. Significant noise 
has been determined and thus may be assumed. 

FIG. 4 shows the preferred embodiment of the autocap 
ture evoked response detection channel of the controller 30. 
Without limitation, when ventricular autocapture is enabled, 
the paced evoked response is “sensed” to verify that the 
Ventricular pace pulse has captured or depolarized the 
patient's ventricle. The evoked response detection channel 
60 includes a Mixed Mode Integrated Circuit (MMIC) 
having an input blanking Switch 62 electrically coupled to 
the electrodes of leads 14 and 16 of FIG. 1. The input 
blanking Switches disconnect the Sensing System from the 
lead System during the period of Stimulation and the refrac 
tory period following Stimulation. The timing of the opening 
and closing of these Switches is controlled by registers 
identified as reg LDBlank and reg Iblank. Signals passing 
through the input blanking Switch 62 passes through a wide 
bandpass filter 64 (RCBPF) of suitable known construction 
to attenuate high frequency Signals from MV Stimulus and 
other Sources and to at least partially attenuate low fre 
quency T-wave signals and DC offsets present on the lead. 
The filter may, for example without limitation, provide for a 
first order highpass pole at 8 Hz and a lowpass pole at 220 
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6 
HZ. The filtered signal then passes through the input mul 
tiplexor 66. The wide bandpass filter 64 together with offset 
nulling eliminates the need for multiple high pass filters and 
avoids response “ringing in the detected Signal. 
The multiplexor 66 allows for evoked response detection 

from several lead electrode combinations. Without 
limitation, in the preferred embodiment for ventricular 
autocapture, Sensing occurs between the case and the Ven 
tricular tip electrode 24. The Signal then passes through a 
preamplifier and lowpass filter 68 of suitable known 
construction, wherein the filter includes a cutoff frequency 
which, without limitation, may be set to 100 Hz for ven 
tricular autocapture. The Signal then passes through an offset 
digital to analog converter 70 and Summing node 72 to 
nullify most offset. The Signal then passes through a deci 
mator Stage 74 having gain control, to thereby reduce the 
evoked response channel's discrete time frequency Sample 
rate. The Signal then passes through an analog to digital 
converter 76 and the resulting Signal is referred to as a 
digitized intracardial evoked response electrogram (the 
IEGM signal). 
The Digital Integrated Circuit (DIGIC) 78 includes a 

hardware peak detection block that performs evoked 
response measurements following ventricular pace. When 
the evoked response min/max (ER Min/Max) is enabled, a 
peak detector measures both maximum and minimum 
evoked response values in relation to the time of occurrence 
within the measurement interval. AS discussed above, the 
time at which the evoked response minimum is Sensed is 
indicative of the presence or absence of Significant noise in 
the IEGM signal. 

Turning now to FIG. 5, the preferred embodiment of 
determining whether significant noise is present in the 
electrocardiogram Signal during an Autothreshold mode will 
next be discussed. The controller 30 initializes the evoked 
response detection threshold (see block 80) and initiates a 
Step down pacing protocol (see block 82) by delivering a 
Stimulation pulse Such as a pacing pulse to the heart (see 
block 84). In accordance with the method described above, 
the controller obtains the evoked response maximum, 
evoked response minimum and the timing associated with 
each (see block 86). The controller then determines whether 
the evoked response minimum occurs within a predeter 
mined period of time, for example without limitation, 
between 20 msec and 55 mSec. after the pacing Stimulus is 
delivered, and also, wherein the MinFR is greater than a 
preset amount, for example, 0.025 mV (see decision block 
88). If the evoked response minimum does not occur during 
the predetermined period of time, then the noise counter is 
cleared (see block 90) and the controller determines whether 
the pacing Stimulus is captured (see decision block 92). If 
the pacing Stimulus is captured, the capture detection thresh 
old is updated, the noise counter is cleared and the pacing 
output is updated according to the pacing protocol (see loop 
94, block 96 and block 98 respectively) and pacing contin 
ues (see loop 100). If the pacing stimulus is not captured a 
backup pace is initiated (see block 102) and the controller 
determines whether autothreshold is complete (see decision 
block 104). If the autothreshold is not complete, the pacing 
output is updated according to the pacing protocol (see loop 
106 and block 98) and pacing continues (see loop 100). 

If the evoked response minimum occurs during the pre 
determined period of time (at decision block 88) then a 
backup pace is initiated (see block 108), the controller 
checks for fusion (see block 110) and the step down is 
terminated, the detection threshold is maintained and the 
noise counter is increased (see block 112). The controller 
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then determines whether the noise counter has been 
increased a predetermined number of times (see decision 
block 114). If the noise counter has increased by a prede 
termined number of times then the autothreshold mode is 
terminated (see loop 116). If the noise counter has not been 
increased by the predetermined number of times, then pac 
ing continues (see loop 118). 

In conjunction with FIG. 6, the preferred embodiment of 
determining whether Significant noise is present in the 
IEGM Signal during beat to beat an autocapture verification 
mode will next be presented. During beat to beat autocapture 
a Stimulation pulse, for example a pacing Stimulus, is 
delivered to the heart (see block 120) and the controller 
determines the resulting evoked response maximum, evoked 
response minimum and corresponding minimum peak tim 
ing (see block 124). The controller then determines whether 
the evoked response minimum occurs within a predeter 
mined period of time, for example without limitation, 
between 20 msec and 55 mSec. after the pacing Stimulus is 
delivered (see decision block 124). If the evoked response 
minimum does not occur during the predetermined period of 
time, then the controller determines whether the stimulation 
pulse is captured, the evoked response maximum exceeds 
the detection threshold (see decision block 126). If the 
Stimulation pulse is not captured, the controller initiates a 
backup pace (see block 128) and initiates the autothreshold 
mode (see block 130). If during the autothreshold mode the 
autothreshold is Successfully updated (see decision block 
132), then pacing continues (see loop 134). If the auto 
threshold is not updated then autocapture is Suspended (see 
loop 136 and block 138). If the pacing stimulus captures the 
heart at decision block 126, then the capture detection 
threshold is updated and the noise counter is cleared (see 
loop 140 and block 142), and pacing continues at 120 (see 
loop 144). 

If the evoked response minimum occurs during the pre 
determined period of time (at decision block 124) then a 
backup pace is initiated (see block 146), the controller 
checks for fusion (see block 148), the detection threshold is 
maintained and the noise counter is increased (see block 
150). The controller then determines whether the noise 
counter has been increased a predetermined number of times 
(see decision block 152). In the preferred embodiment the 
controller determines whether noise is detected during four 
out of eight cycles. If the noise counter has increased by a 
predetermined number of times or ratio then autocapture is 
suspended (see loop 154. and block 138). If the noise counter 
has not been increased by the predetermined ratio, then 
pacing continues. (see loop 156 and block 120). Although 
the method of detecting noise of the present invention has 
been described with, respect to auto capture and 
autothreshold, those skilled in the art will appreciate that the 
method may equally apply for other Stimulation modes. 

This invention has been described herein in considerable 
detail in order to comply with the patent Statutes and to 
provide those skilled in the art with the information needed 
to apply the novel principles and to construct and use Such 
Specialized components as are required. However, it is to be 
understood that the invention can be carried out by Specifi 
cally different equipment and devices, and that various 
modifications, both as to the equipment and operating 
procedures, can be accomplished without departing from the 
Scope of the invention itself. 
What is claimed is: 
1. A cardiac rhythm management device including: 
(a) a pulse generator that generates stimulation pulses; 
(b) a Sensing circuit that Senses an evoked response to one 

of the Stimulation pulses; and 
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8 
(c) a noise detector coupled to said sensing circuit, 

wherein Said noise detector includes a Signal processor 
that monitors an evoked response electrogram Signal 
(IEGM) signal and determines a time of minimum 
amplitude of the evoked response electrogram Signal 
during a predetermined period of time following deliv 
ery of the Stimulation pulse; and 

(d) wherein the time at which the evoked response elec 
trogram Signal minimum amplitude is Sensed within the 
predetermined period of time determines the presence 
or absence of noise in the Signal. 

2. The rhythm management device as recited in claim 1, 
wherein the predetermined period of time begins after a 
predetermined refractory period corresponding to the Stimu 
lation pulse. 

3. The rhythm management device as recited in claim 1, 
wherein the predetermined period of time occurs within an 
evoked response detection window controlled by the Sensing 
circuit. 

4. The rhythm management device as recited in claim 2, 
wherein Said refractory period ranges between 3–15 mSec. 

5. The rhythm management device as recited in claim 1, 
wherein said predetermined period of time is between 20-55 
msec in length. 

6. The rhythm management device as recited in claim 1, 
wherein sensing of an evoked response electrogram (IEGM) 
Signal is unipolar. 

7. The rhythm management device as recited in claim 1, 
wherein a backup Stimulation is delivered and a capture 
Verification Stimulation mode is abandoned when noise that 
affects signal characteristics of a Sensed evoked response 
electrogram (IEGM) Signal is detected. 

8. The rhythm management device as recited in claim 7, 
wherein the capture verification Stimulation mode is termi 
nated when noise is detected occuring during at least half of 
Several consecutive cardio cycles. 

9. The rhythm management device as recited in claim 1, 
wherein automatic detection of noise occurs during an 
autothreshold Stimulation mode. 

10. The rhythm management device as recited in claim 1, 
wherein a Stimulation amplitude is maintained during an 
autothreshold Stimulation mode when noise affecting Signal 
characteristics of a Sensed evoked response electrogram 
(IEGM) signal is detected. 

11. The rhythm management device as recited in claim 9, 
wherein the autothreshold Stimulation mode is terminated 
when noise is detected during at least four consecutive 
cardiac cycles that affects signal characteristics of a Sensed 
evoked response electrogram (IEGM) signal. 

12. A cardiac rhythm management device including: 
(a) means for generating Stimulation pulses; 
(b) sensing means for Sensing an evoked response to one 

of the Stimulation pulses; 
(c) Sensing means for Sensing an electrocardiogram Sig 

nal; 
(d) noise detector means coupled to said Sensing means, 

wherein Said noise detector means includes a Signal 
processor means that monitors an evoked response 
electrogram (IEGM) Signal and for determining a mini 
mum amplitude of the evoked response electrogram 
(IEGM) signal during a predetermined period of time 
following delivery of the Stimulation pulse, and 

(e) wherein the time at which the evoked response ele 
crogram Signal minimum amplitude is Sensed within 
the predetermined period of time determines the pres 
ence or absence of noise in the Signal. 
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13. The rhythm management device as recited in claim 12, 
wherein the predetermined period of time begins after a 
predetermined refractory period. 

14. The rhythm management device as recited in claim 12, 
wherein the predetermined period of time occurs within an 
evoked response detection window controlled by the Sensing 
CS. 

15. The rhythm management device as recited in claim 13, 
wherein Said refractory period ranges between 3–15 mSec. 

16. The rhythm management device is recited in claim 12, 
wherein said predetermined period of time is between 20-55 
msec in length. 

17. The rhythm management device as recited in claim 12, 
wherein Sensing of the evoked response electrogram 
(IEGM) signal is unipolar. 

18. The rhythm management device as recited in claim 12, 
wherein a backup Stimulation is delivered and a capture 
Verification Stimulation mode is abandoned when noise that 
affects signal characteristics of a Sensed electrocardiogram 
Signal is detected. 

19. The rhythm management device as recited in claim 17, 
wherein a capture verification Stimulation mode is termi 
nated when noise is detected occurring during at least half of 
Several consecutive cardiac cycles. 

20. The rhythm management device as recited in claim 12, 
wherein automatic detection of noise occurs during an 
autothreshold Stimulation mode. 

21. The rhythm management device as recited in claim 12, 
wherein a Stimulation amplitude is maintained during an 
autothreshold Stimulation mode when noise affecting Signal 
characteristics of a Sensed electrocardiogram Signal is 
detected. 

22. The rhythm management device as recited in claim 20, 
wherein autothreshold Stimulation mode is terminated when 
noise is detected during at least four consecutive cardiac 
cycles that affects signal characteristics of a Sensed electro 
cardiogram Signal. 

23. An implantable cardiac rhythm management device 
operable in an automatic mode for detecting noise that 
affects the Signal characteristics of an electrocardiogram 
Signal, Said rhythm management device including: 

(a) a pulse generator that generates stimulation pulses; 
(b) a controller having a timing circuit, said controller 

controls delivery of Said Stimulation pulses; 
(c) electrodes designed to be positioned within a patients 

heart and electrically connected to Said controller, 
wherein Stimulation pulses and electrocardiogram Sig 
nals conduct through Said electrodes, 

(d) a noise detection circuit electrically coupled to said 
electrodes, wherein noise, affecting Signal characteris 
tics of the electrocardiogram Signal, is detected if a time 
of minimum amplitude is detected by Said noise detec 
tion circuit during a predetermined period of time 
following delivery of a Stimulation pulse, and 

(e) an electrocardiogram detecting circuit electrically 
coupled to Said electrode for Sensing electrocardiogram 
Signals. 

24. The noise detection circuit of the rhythm management 
device is recited in claim 23, wherein Said predetermined 
period of time begins after a predetermined refractory period 
controlled by said controller. 

25. The noise detection circuit of the rhythm management 
device as recited in claim 23, wherein the predetermined 
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period of time occurs within an evoked response detection 
window controlled by said controller. 

26. The noise detection circuit of the rhythm management 
device as recited in claim 24, wherein Said refractory period 
ranges between 3–5 mSec. 

27. The noise detection circuit of the rhythm management 
device as recited in claim 23, wherein Said predetermined 
period of time is between 20-55 msec in length. 

28. The noise detection circuit of the rhythm management 
device as recited in claim 23, wherein Said circuit for Sensing 
electrocardiogram Signals is unipolar. 

29. A method for detecting noise in a Sensed electrocar 
diogram Signal, Said method comprising the Steps of: 

(a) delivering a stimulation pulse to a patients heart; 
(b) sensing an electrocardiogram signal responsive to the 

Stimulation pulse, 
(c) determining a minimum peak and timing thereof of the 

electrocardiogram Signal following delivery of the 
Stimulation pulse; and 

(d) determining the presence of noise in the electrocar 
diogram Signal if minimum peak timing occurs during 
a predetermined period of time following delivery of 
the Stimulation pulse. 

30. The method according to claim 29, wherein the 
predetermined period of time is set to begin after a prede 
termined refractory period controlled by a controller. 

31. The method according to claim 29, wherein the 
predetermined period of time is Set to occur within a evoked 
response detection window controlled by a controller. 

32. The method according to claim 29, wherein said 
predetermined period ranges between 3–15 mSec. 

33. The method according to claim 29, wherein Said 
predetermined period of time is between 20-55 msec in 
length. 

34. The method according to claim 29, wherein sensing 
the electrocardiogram Signal is unipolar. 

35. The method according to claim 29, wherein automatic 
detection of noise occurs during a capture verification Stimu 
lation mode. 

36. The method according to claim 35, wherein a backup 
Stimulation is delivered and the capture verification Stimu 
lation mode is abandoned when noise is detected that affects 
Signal characteristics of an electrocardiogram Signal Sensed 
in Step (b). 

37. The method according to claim 35, wherein the 
capture verification Stimulation mode is terminated when 
noise is detected occurring during at least half of Several 
consecutive cardiac cycles. 

38. The method according to claim 29, wherein automatic 
detection of noise occurs during an autothreshold Stimula 
tion mode. 

39. The method according to claim 38, wherein a current 
Stimulation amplitude is maintained during the autothresh 
old Stimulation mode when noise is detected that affects 
Signal characteristics of an electrocardiogram Signal Sensed 
in Step (b). 

40. The method according to claim 38, wherein the 
autothreshold Stimulation mode is terminated when noise is 
detected during at least four consecutive cardiac cycles that 
affects signal characteristics of an electrocardiogram Signal 
Sensed in Step (b). 


